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SPECIFICATION 

1. Title of the Invention: PHOTOSOLITON GENERATING METHOD 

AND SOLITON TRANSMITTING METHOD 

2 . Claims 

( 1 ) A photosoliton generating method wherein the optical 
pulses generated by sinusoidally or impulsively changing the 
values of the current supplied to the semi-conductor laser 
are passed through a narrow-band optical filter of bandwidth 
limitation into the optical pulses so that the product of 
the pulse width and the spectral width is 0.32 to 0.44, the 
optical pulses are amplified by using an erbium fiber 
amplifier, and the photosoliton pulse train is obtained in 
which the peak output P is obtained by the formula P = 0.776 
x X 2 /jt 2 n 2 C x |d|/t 2 x Aeff (where, n 2 ; the non-linear 
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refractive index, X; the wavelength of the optical pulses, 
t; the full width half maximum of the optical pulses, |D|; 
the speed dispersion of the optical fiber to propagate 
photosolitons, Aeff; the effective sectional area of the 
fiber to propagate photosolitons, and C; light velocity). 

(2) A photosoliton generating method according to Claim 1, 
wherein a plurality of 3 dB optical couplers of the 1 : 1 
branching ratio for time-sharing are continuously integrated 
with each other between the narrow-band optical filter and 
the erbium fiber amplifier, and the time delay is provided 
to obtain the double photosoliton pulse train. 

(3) A photosoliton transmitting method to perform optical 
communication by generating the coded photosoliton pulse 
train by the photosoliton generating method according to 
Claim 1 instead of sinusoidally or impulsively changing the 
current supplied to the semi-conductor laser, allowing the 
generated photosoliton pulse train to be passed through a 
long single mode fiber, and detecting the generated 
photosoliton pulse train by a high-speed photo-detector. 

(4) A photosoliton transmitting method to perform optical 
communication by cording the photosoliton pulse train 
obtained by the photosoliton generating method according to 
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Claim 1 by an absorption type optical intensity modulator 
using a LiNb0 3 or MQW (Multiple Quantum Well structure) semi- 
conductor, allowing the coded photosoliton pulse train to 
pass through a long single mode fiber, and detecting the 
photosoliton pulse train by a high-speed photo-detector. 

3. Detailed Description of the Invention 

[Technical Field of the Invention] The present invention 
relates to a photosoliton generating method and a 
photosoliton transmitting method in which photosoliton 
pulses which have not been able to generated are generated 
by the filtering by a simple interferometer, and propagated 
within optical fibers when generating optical pulses from a 
semi-conductor laser. 
[Description of the Related Art] 

(1) Fig. 9 explains a photosoliton generating method by a 
color center laser. In this figure, reference numeral 
denotes a color center laser to generate optical pulses of a 
zone of the wavelength of 1.5 fxm excited by the mode-locking 
YAG laser, reference numerals 2 and 2 denote coupling lenses, 
reference numeral 3 denotes a photosoliton transmission 
fiber (a single mode fiber), and reference numeral 4 denotes 
a photo-detection unit. 

The pulse width of the optical pulses generated from 
the color center laser 1 is about 10 pg, and the peak power 
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thereof reaches as high as 100W, and the pulse power as high 
as several 10W can be easily excited within the photosoliton 
transmission fiber 3. The waveform of the fundamental 
photosoliton expressed by N = 1 has the form of Sech (x) , 
and because the output waveform from the color center laser 
1 is also expressed substantially by Sech (x) , photosoliton 
pulses can be easily generated. As for photosoliton, refer 
to the paper "non-linear optics in optical fibers" by 
NAKAZAWA, Masataka, Ouyo Butsuri, Vol. 56, No. 10, P. 12 65 
to P. 1288 (1987), or "Compression of optical pulses and 
photosoliton laser", Reiza Kenkyu, Explanation, Vol. 15, No. 
11, P. 869-886 (1987). 

Fig. 10 shows the change in the waveform of 
photosoliton obtained by this method. In this condition, 
the length of the photosoliton transmission fiber 3 is 700 m. 
Further, the input optical pulses are shown in Fig. 10 (a). 
Firstly, as shown in Fig. 10(b), if the peak power P is 0.3W, 
extension of the pulse width of the output pulse is clearly 
shown to the optical pulses. As shown in Fig. 10(c), IF the 
peak power P is 1.2W, it is understood that the waveform of 
the output pulse is the same as that of the optical pulses. 
In other words, in this photosoliton transmission fiber 3, 
it is shown that N = 1 photosoliton is excited at the peak 
power P = 1.2W. On the other hand, as shown in Fig. 10 (d) 
and (e), if the peak power P is increased to 5 to 11.4W, it 
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is clearly shown how high-order photosoliton is excited. 

(2) Next, Fig. 11 explains a method for generating short 
pulses by the sinusoidal modulation. In this figure, 
reference numeral 5 denotes a method for generating short 
pulses by sinusoidal modulation. In this figure, reference 
numeral 5 denotes a sinusoidal generator, reference numeral 
6 denotes an electric amplifier, and a reference numeral 7 
denotes a semi-conductor laser. The coupling lens 2 and the 
photosoliton transmission fiber 3 are the same as those in 
the above configuration. 

In this method, the pulse train is generated in a 
highly repeated manner by performing sinusoidal modulation 
of the semi-conductor laser 7, and led to the photosoliton 
transmission fiber 3. 

(3) Next, Fig. 12 explains a method for generating short 
pulses by a comb-generator. As shown in the figure, the 
comb-generator 8 is inserted between the electric amplifier 

6 and the semi-conductor laser 7. The semi-conductor laser 

7 is driven by this comb-generator 8 using electric pulses, 
and the optical pulses are generated in a highly repeated 
manner . 

(4) Next, Fig. 18 explains a method for generating pulses 
by an optical modulator. As shown in this figure, CW light 
is taken out by driving the semi-conductor laser 7 by a DC 
power source 9, and the taken-out CW light is modulated by 
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the super high-speed optical modulator 10 using the Stark 
effect of a LiNb0 3 or MQW (Multiple Quantum Well structure) 
semi-conductor. The repetitive pulse train of 5-10 GHz is 
obtained thereby. 

[Problems to be Solved by the Invention] 

When applying the method in ( 1 ) among the above- 
described known methods , the color center laser 1 is used 
for generating photosoliton, raising a problem in that this 
method is difficult from the practical standpoint because 
the repetition is as low as about 100 MHz and the color 
center laser is large and expensive. 

Further , in the methods (2) and (3), no pulse of 
idealistic transform limit can be obtained. In other words, 
the spectral width is expanded widely though the pulses of 
about 10 to 30 ps can be generated, and the product of the 
pulse width At and the spectral width Av becomes AtmAv = 
about 1 to 3 . This value is considerably separate from the 
condition of the pulses of the transform limit that AxmAv = 
0.32 to 0.44, raising a problem that the pulse is extended 
by the group velocity dispersion of the fiber 3 if the 
pulses are propagated in the photosoliton transmission fiber 
3 over the long distance, and information cannot be 
transmitted. 

Further, in the method (4), the pulse width is as 
extensive as 100 ps, realizing no advantages as the 
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photosoliton . 

The present invention has been achieved in light of the 
above-described circumstances, and an object of the present 
invention is to provide a photosoliton generating method and 
a photosoliton transmitting method capable of solving the 
above-described problems . 
[Means for Solving the Problems] 

In the present invention, the highly repetitive pulse 
train obtained by direct modulation of the semi-conductor 
laser is converted into the pulses of the transform limit by 
being passed through a Fabry-Perot or Mach-Zender 
interference filter, and the pulse train is amplified by the 
erbium fiber amplifier to obtain photosoliton. Then, 
photosoliton transmission is performed by direct modulation 
of the obtained photosoliton pulse train* 
[Operation] 

The highly repetitive pulse train is obtained by direct 
modulation of the semi-conductor laser. The spectrum of the 
obtained pulse train is controlled, performing pulsation of 
the transform limit under the condition that the product of 
the pulse width Ax and the spectrum Av, AvAx = 0.32 to 0.44. 
By performing further optical amplification thereof, the 
super highly repetitive photosoliton pulse train is obtained. 
Next, photosoliton transmission is performed by direct 
modulation of the obtained photosoliton pulse train. 
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[Embodiments ] 

The embodiments of the present invention will be 
described below with reference to the drawings. 

Fig. 1 explains a first embodiment of the present 
invention. The components shown in this figure which are 
identical to or correspond to those in Figs. 9, 11 and 12 
are represented by the same reference numerals, and a 
detailed description thereof is omitted. In this figure, 
reference numeral 11 denotes a pulse signal generator, 
reference numeral 12 denotes an electric low-pass filter to 
allow only the fundamental wave elements of the pulse signal 
generator 11, reference numeral 13 denotes a narrow-band 
optical filter (for example, a Fabry-Perot interferometer 
and a Mach-Zender interferometer, and the Fabry-Perot 
interferometer is used in the present embodiment), reference 
numeral 14 denotes an optical coupler to agree the semi- 
conductor laser beam with the optical signal output from the 
erbium excitation light source 15, reference numeral 16 
denotes the erbium fiber, and reference numeral 17 denotes 
an optical filter for eliminating amplified spontaneous 
emission which eliminates amplified spontaneous emission 
other than the optical pulses of the signals. 

In the above-described configuration, firstly, when the 
pulse signal is output from the pulse signal generator 11, 
only the fundamental wave elements are taken out by the 
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electric low-pass filter 12. The fundamental wave elements 
are amplified by the electric amplifier 6, and supplied to 
the semi-conductor laser 7 as the semi-conductor laser 
driving pulse. The semi-conductor laser 7 is driven thereby. 
Here, Fig. 2 shows how the semi-conductor laser driving 
pulse to be supplied to the semi-conductor laser 7 is 
generated* Fig. 2 (a) shows the output waveform of the 
pulse signal generator 11, and Fig. 2(b) shows the output 
waveform of the electric low-pass filter 12. Fig. 2(c) 
shows the output waveform of the electric amplifier 6. On 
the other hand, Fig. 3 shows the output of the semi- 
conductor laser 7. Fig. 3(a) shows the spectrum thereof, 
and Fig. 3(b) shows the time waveform of the pulse. As 
shown in Figs. 3(a) and (b), the pulse width of AX. = 1.55 mm, 
and the time width of Ax = 24 ps are obtained in the 
experiment . 

When electrons are injected in the semi-conductor laser 
7, the refractive index is reduced, and the laser beam 
oscillation frequency is once chirped to the long wavelength 
side once, and returned to the original as shown in Fig. 4 
(this is referred to as the negative chirp or the daum- 
chirp). The pulse of the transform limit means the pulse 
having the spectrum of only the width obtained by Fourier 
transformation of the pulse, which includes no surplus 
spectrum. 
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Generally speaking, the waveform of the semi-conductor 
laser is Gauss type, and there is a following relationship 
between the spectral width Av and the pulse width Ax. 
AvAx = AXC/X2 x At = 0.44 (1) 

The product AvAx of the pulse obtained in Fig. 3 is 
calculated as follows : 

AvAx = 1.5 x 10~ 2 x 340 2 /(1.54 x 10 -2 ) 2 x 24 x 10" 12 = 4.6 

(2) 

Comparison with the result of the formula ( 1 ) shows 
that the product is about 10 times larger than the result. 
Therefore, the pulse obtained by direct modulation is far 
from the transform limit. This is the essential 
disadvantage of direct modulation of the semi-conductor 
laser. 

In the present invention, attention is paid to the 
chirp characteristic of this semi-conductor laser, and the 
spectrum is turned into the transform limit by using the 
Fabry-Perot interferometer 13. In this case, the 
transmission band zone of the Fabry-Perot interferometer 13 
is experimentally set to be 0.22 mm, successfully 
transformed to the pulse of about 17 ps as the Fabry-Perot 
output. The product AvAx of the output is estimated as 
follows. 
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AvAt = 0.22 x 10" 4 x 3 x 10 2 /( 1 .54 x 10" 6 ) 2 x 17 x 10" 12 = 
0.47 (3) 

This value is very close to the result of the formula 
(1), indicating that the pulse of the transform limit is 
obtained. Originally, the pulse is the chirped one, and a 
slight chirp is present in principle even with the width of 

0. 22 mm. In order to completely compensate this chirp, an 
optical fiber having the normal dispersion for negative 
chirp compensation may be inserted between the Fabry-Perot 
interferometer 13 and the optical coupler 14. For example, 
if the chirp of 2 ps is present in the bandwidth of 0.2 nm, 

1. e., in a case of 10 ps/nm, this may be realized by setting 
the length of the optical fiber for permanent compensation 
to be 200 m by utilizing that the dispersion quantity of the 
fiber with the zero-dispersion wavelength shifted from 1.6 
to 1.8 firn band is 50 ps/km/mm. 

As described above, by inserting the Fabry-Perot 
interferometer 13, the pulse of the transform limit can be 
obtained. However, the transmission output will be degraded 
by about 5-10 dB if this state is left as it is. The causes 
of the degradation include the loss by limiting the spectral 
width firstly and the transmission loss of the Fabry-Perot 
interferometer 13 secondly. In the experiment, the free 
spectrum range of the Fabry-Perot interferometer 13 is set 
to be about 6 nm in the experiment. In other words, if the 
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free spectrum range is set to be AX., and L = 2 00fxm, it is 
expressed as follows: 

AX = C/2L x (X 2 /C) - (1-54 x 10" 2 ) 2 /2 x 200 x 10' 6 = 6nm 

(4) 

Therefore, in the case of Distributed Feedback Laser 
(DFB), the amplitude of the single spectrum oscillation 
(including chirp) is about 2 nm at most, and the filter 
space of 6 nm is sufficient* In other words, no other 
filter elements are included. Regarding the bandwidth of 
the Fabry-Perot interferometer 13, finesse may be adjusted 
from 0.1 mm to about 1 mm by adequately setting the 
reflectance when constituting the Fabry-Perot interferometer 
13. 

As described above, the pulse train of the complete 
transform limit can be obtained though the pulse output is 
weak. 

Next, the pulse train is optically amplified to the 
power level of the photosoliton pulse train. This is 
performed by the erbium fiber amplifier (by combining the 
optical coupler 14, the erbium excitation light source 15 
and the erbium fiber 16 with each other). Here, the pulse 
peak power of the standard photosoliton of N = 1 is defined 
as P N=1 , PN is expressed as follows: 

*Vi = 0.776 x X 3 /jr 2 n 2 C x | D | /x 2 x Aeff (5) 

where, n 2 denotes the non-linear refractive index, X 
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denotes the wavelength of the optical pulses, x denotes the 
full width half maximum of the optical pulses, |d| denotes 
the group velocity dispersion of the photosoliton 
transmission fiber 3, Aeff denotes the effective sectional 
area of the photosoliton transmission fiber 3, and C denotes 
the light velocity. 

For the output of the Fabry-Perot interferometer 13, 
the peak power is about 1 mW. For the standard of the 
photosoliton transmission fiber 3 to transmit photosoliton, 
for example, the dispersion shift fiber of |D| = 3ps/kmne 
is used, and Aeff = 4 x 10~ 7 cm 2 can be set. In the case of 
the pulse of the input x = 20 ps, and taking into 
consideration that n of the silica fiber is n 2 = 3.2 x 10" 20 , 
P N=1 is given as follows . 

P N =i - 0.776 x (1.55 x 10" 3 )3/(Jt) 2 x 3.2 x 10" 20 x 3 x 10 9 x 
3 x 10" 2 /(20 x 1(T 13 ) 2 x 4 x 10" 11 = 9.2 mW (6) 

In other words, with the above-described power, Sech 
type photosoliton of N = 1 can be propagated through the 
long photosoliton transmission fiber 3. 

Next, the required gain of the erbium fiber amplifier 
may be about 10 dB from the formula (6) and the condition of 
the input of 1 mW. In this case, as shown in Fig. 5, the 
gain of 20 dB or over is easily obtained in the erbium fiber 
of 3 to 100 m, and it is understood that this method is very 
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effective. Regarding the details of the amplification , 
refer to "Optical amplification by the optical fiber", By 
NAKAZAWA, Masataka, Kogaku Vol. 18, No. 6, p. 291 to p. 296. 

The wavelength of the erbium excitation light source 15 
includes 0.5 \xm, 0.6 (mm, 0.3 ^m, 0.98 ixm, and 1.48 fm band. 
In Fig. 5, 1.4 8 is obtained with the InCaAsP semi- 
conductor laser as the excitation light source. 

Here, noise due to the amplified spontaneous emission 
other than the signal light is eliminated by the optical 
filter 17 for eliminating amplified spontaneous emission. 
In addition, non-photosoliton elements for other noise are 
slightly generated due to losses in the photosoliton 
transmission fiber 3. However, photosoliton portions are 
completely transmitted and the non-photosoliton portions are 
completely absorbed by attaching the super-saturated 
absorber such as the InGaAs MQW semi-conductor to the filter 
17 for eliminating amplified spontaneous emission, and 
photosoliton can be consistently transmitted. Fig. 6 shows 
how the photosoliton is transmitted. Fig. 6(a) and Fig. 
6(b) show how noise is completely eliminated before and 
after passing the super-saturated absorber, respectively. 

Thus-obtained pulses are propagated as photosoliton 
through the photosoliton transmission fiber 3, reproduced 
and relayed by the pre-emphasis method (Japanese Patent 
Application No. 1-68619 , photosoliton generating system, by 
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KUBOTA, Hirokazu, NAKAZAWA Masataka, and SUZUKI Kazunobu), 
and finally information is taken out by the photo detector 4, 
completing the optical communication by photosoliton . 

Next, a second embodiment of the present invention will 
be described. The second embodiment is a method for 
multiplexing the super-high repetitive photosoliton pulse 
train to the 2 N_1 times of the original pulse repetition of 
the semi-conductor laser 7 on the time axis by using a 
plurality of optical couplers of 1:1 coupling. Fig. 7 shows 
the configuration thereof. The semi-conductor laser 7 is 
pulse-driven by the electric signal which is sinusoidally 
modulated by the pulse signal generator 11 and the electric 
amplifier 6, and the spectral elements thereof are narrow- 
banded, and led to the 3 dB coupler group 18. By using a 
coupler of N-pole, multiplexing can be realized to 2 N-1 times 
on the time axis. 

Here, the length of one of two arms of the 3 dB coupler 
connected for generating time delay and multiplexing pulses 
is changed. The difference of the length of the arms of the 
3 dB coupler is set so that the time delay is T/2 (T = 2 1 (i 
=1/2, ... N-l). For example, a shift of leb may be 
provided to give the time delay of 50 ps . As described 
above, pulses can be easily multiplexed. However, in this 
case, the pulse peak intensity can be reduced to 1/2 by 
being passed through N-pieces of 3 dB couplers, and can be 
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compensated by the above-described erbium fiber amplifier. 
In the multiplexing by the method, the signal is turned ON- 
OFF by the super high-speed optical modulator 10. Super 
high-speed photosoliton communication can be realized 
thereby . 

Next, Fig. 8 explains a third embodiment of the present 
invention. Similar to Fig. 7, in place of direct modulation 
of the semi-conductor laser 7, the absorption type optical 
modulator 10a using a LiNb0 3 photo modulator or a MQW semi- 
conductor is inserted between the Fabry-Perot interferometer 
13 and the optical coupler 14 , and photosoliton is turned 
ON-OFF thereby. This method is advantageous in that the 
semi-conductor laser 7 need not be directly modulated though 
the absorption type optical modulator 10a must be used. 

[Advantages ] 

As described above, the photosoliton pulse of high 
output at the transform limit which has been impossible in a 
known method can be generated from a semi-conductor laser by 
using a narrow-band pass filter such as a Fabry-Perot 
interferometer and an erbium fiber amplifier, resulting in 
an advantage of extensive application to the communication 
using the light intensity modulation. In other words, any 
high-speed photo modulator by LiNb0 3 or MQW semi-conductor 
which has been essential for the known high-speed optical 
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communication becomes unnecessary, and the semi-conductor 
laser may be singly and directly modified at a high speed. 
Therefore, it is advantageous that the photosoliton 
transmission system becomes very simple. 

If the pulse waveform is disturbed when the semi- 
conductor laser is directly modulated by the pulse code, a 
high-speed optical modulator may be inserted between a 
narrow-band pass filter and an erbium fiber amplifier. In 
this case, the semi-conductor laser is not directly modified, 
there is a possibility that photosoliton transmission is 
more consistent. 

In addition, even in the super highly repetition such 
as 30-100 GHz, the photosoliton pulse at the transform limit 
can be realized so long as the semi-conductor laser can be 
directly modified in the frequency zone, and the present 
invention is very effective. 

4 . Brief Description of the Drawing 

Fig. 1 explains a first embodiment of the present 
invention, Fig. 2 shows a circuit to drive a semi-conductor 
laser ( 7 ) and a waveform diagram to indicate the output of 
each component thereof, Fig. 3 shows the output waveform 
diagram of the semi-conductor laser (7), Fig. 4 shows the 
chirp characteristic of the semi-conductor laser (7), Fig. 5 
shows the optical amplification characteristic of erbium 
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fibers, Fig. 6 explains a method for eliminating non- 
photosoliton elements by using an over-saturated absorbing 
body, Fig. 7 explains a second embodiment of the present 
invention, Fig. 8 explains a third embodiment of the present 
invention, Fig. 9 explains a method for generating 
photosoliton by a color center laser (1), Fig. 10 explains 
the waveform change of photosoliton generated by the 
configuration shown in Fig. 9, Fig. 11 explains a short 
pulse generating method by the sinusoidal modulation, Fig. 
12 explains a short pulse generating method by a comb- 
generator, and Fig. 13 explains a pulse generating method by 
an optical modulator. 

1 ... color center laser, 

2 ... coupling lens, 

3 ... photosoliton transmission fiber 

4 ... photo detector, 5 ... sinusoidal wave generator 
6 ... electric amplifier, 7 ... semi-conductor laser, 

8 ... comb-generator, 9 ... DC power source, 

10 ... super high-speed optical modulator, 
10a ... absorption type optical modulator, 

11 ... pulse signal generator, 

12 ... electric low-pass filter, 

13 ... narrow-band optical filter (Fabry-Perot 
interferometer or the like), 
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14 ... optical coupler, 

15 ... erbium excitation light source, 

16 ... erbium fiber, 

17 ... optical filter for eliminating amplified spontaneous 
emission 

18 ... 3 dB coupler group 
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FIG. 4 CHIRP CHARACTERISTIC OF SEMI-CONDUCTOR LASER 

(1) AMPLITUDE (PULSE) 

(2) TIME 

(3) CHIRPED TO THE LONG WAVELENGTH SIDE 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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8 COMB GENERATOR 
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